Introduction {#sec1-1}
============

The orthopedic in-training examination (OITE) was first administered to residents in November 1963, representing the first intraining examination for any specialty.^[@ref1]^ Since then, the OITE has been validated as a tool for assessing resident knowledge and has been shown to correlate with resident performance.^[@ref2]^,^[@ref3]^ OITE scores have also been shown to correlate with passing the American Board of Orthopaedic Surgery (ABOS) Part 1 certifying examination.^[@ref4]^,^[@ref5]^ Thus, the OITE continues to be an important metric for evaluation of resident fund of knowledge and resident development.

Several studies have investigated resident performance on the OITE. Recent studies have found that both a weekly subspecialty didactic conferences and a weekly literature reading program improved resident OITE performance.^[@ref6]^,^[@ref7]^ Similarly, a didactic curriculum designed to improve OITE scores has been shown to significantly increase scores.^[@ref8]^ In order to assist with the development of these programs, multiple studies have analyzed the ten domains of the OITE, reviewing question categories and sources referenced for individual domains.^[@ref9]^

Although some studies have reported overall resident performance, no studies have assessed resident test-taking in detail. In November 2009, the OITE was administered electronically for the first time to 4300 orthopaedic residents in 20 countries.^[@ref1]^ As the electronic test has improved, data is now easily captured on resident test-taking ability. In this investigation, we assessed resident test-taking question metrics through evaluation of the time each resident spent on every question for all residents at two large academic institutions.

Materials and Methods {#sec1-2}
=====================

Full 2015 OITE score reports for all orthopedic surgery residents at two institutions were anonymized and compiled. For every question answered by each resident, the resident year, question content or domain, question result (correct or incorrect), and answer speed were recorded.

Data were then analyzed to determine whether resident year, result, or domain affected answer speed. Answer speed was also assessed for correct and incorrect answers by resident year. Furthermore, question result and answer speed were also analyzed by resident year for each of the ten domains to determine whether performance in each subspecialty domain varied based on resident year in training. All analyses were performed for pooled data from two institutions. Statistical analyses were performed using Microsoft Excel (Microsoft Corporation, Redmond, WA, USA), with a value for statistical significance of P\<0.05.

Results {#sec1-3}
=======

2015 OITE score reports were obtained for 46 residents: six postgraduate year (PGY)-1s and ten each of PGY-2s, PGY-3s, PGY-4s, and PGY-5 s. The OITE consists of 275 questions, and thus data was available for 12,650 questions.

Mean answer speed for questions answered correctly was 54.0±48.1 seconds, which was significantly faster than answer speed for incorrect answers, 72.2±61.2 s (P\<0.00001). Mean answer speed differed between resident years (P=0.0006); PGY-1s averaged 66.0±52.3 s, PGY-2s averaged 60.1±48.8 s, PGY-3s averaged 62.1±54.0 s, PGY-4s averaged 58.9±53.4 s, and PGY-5s averaged 61.1±61.9 s. Post-hoc Tukey analysis revealed that PGY-1s were slower than all other years (P\<0.02), and PGY-3s were slower than PGY-4s (P=0.03). No other comparisons were significant (P\>0.15). These answer speeds did not strongly correlate with resident year (r=-0.65) or the overall percentage correct of each resident year (r=-0.73) ([Figure 1](#fig001){ref-type="fig"}).

Mean answer speed also differed between resident years for both correct (P=0.008) and incorrect answers (P=0.019). For questions answered correctly, post-hoc analysis demonstrated that PGY-1s were slower than all other classes (P\<0.004) except the PGY-3s (P=0.17), who were in turn slower than PGY-2s and PGY-5s (P\<0.05). Answer speeds for correct answers did not correlate with resident year (r=-0.69) or percentage correct of each resident year (r=-0.66) ([Figure 1](#fig001){ref-type="fig"}).

For questions answered incorrectly, post-hoc analysis revealed that PGY-5s were slower than PGY-2s and PGY-4s (P\<0.02), but no other comparisons were significant (P\>0.14). Answer speeds for incorrect answers did not correlate with resident year (r=0.51) or percentage correct for each resident year (r=0.31).

Answer speed varied by domain from nearly 80 s for shoulder and foot and ankle questions to 40 s for basic science questions (P\<0.0001). Answer speed did not correlate with percentage correct in each domain (r=-0.50) ([Table 1](#table001){ref-type="table"}).

Answer speed was also analyzed by resident year within each of the ten domains, and significant differences were noted only within pediatrics (P=0.02) and shoulder and elbow (P=0.01). In pediatrics, answer speed and percentage correct of each resident year did not correlate (r=-0.51), but in shoulder, there was a strong correlation (r=-0.84) ([Table 2](#table002){ref-type="table"}). Within the eight other domains, there were no significant differences in answer speed between years (P\>0.24).

Discussion {#sec1-4}
==========

As of 2015, electronic measurements of the time that each resident spends on each question are available and provide valuable data for assessing resident performance on the OITE. This data allows for the first analysis of OITE answer speed, which has previously been impossible to study. Though OITE answer speed has not previously been examined, it is not new in education; when attending and other teaching staff ask questions, they assess for the ease and alacrity with which medical students and residents are able to respond. Answer speed is considered a measure of confidence; a quick, direct answer indicates a level of mastery in fund of knowledge.

In this investigation we assessed answer speed for 12,650 OITE questions from two institutions. A faster answer was very strongly associated with a correct answer for all test-takers at both institutions. Though occasionally residents may answer quickly even when they do not understand the question, the data suggest that the majority of quick responses are correct ones. We hypothesized that senior residents would answer more quickly, as they may have a larger fund of knowledge and thus be more confident in their answers. Our data do not support this hypothesis. Though interns were slower than other classes, the chief residents were not faster than the PGY-2s. When assessing answer speed only for questions that were answered correctly, there is still no correlation between resident year and answer speed, though the interns were slower than all other classes except the PGY-3s. It is interesting to note that when assessing answer speed for questions that were answered incorrectly, the PGY-5s were the slowest. The PGY5s were the fastest for questions answered correctly, though this relationship reached significance only when compared to the PGY-1s and PGY-3s. This finding suggests that the most senior residents may be spending more time considering difficult questions than more junior residents.

Residents spent almost 80 seconds on shoulder and foot and ankle questions, which contrasts sharply to the 40 seconds they spent on basic science questions. As we hypothesized, answer speed was fastest for basic science questions, which are often knowledge-level fact questions. In contrast, shoulder and foot and ankle questions took residents longest, which is likely due to those questions frequently necessitating review of advanced imaging. However, spine and tumor also both frequently require imaging review, so it is unclear why shoulder and foot and ankle demanded more time.

Within shoulder, answer speed differed between the resident years and correlated with the percentage of correct answers. With each additional year in residency, residents answered faster and performed better. This contrasts with pediatrics, where PGY-2s and PGY-4s answered most quickly, and answer speed did not correlate with percentage correct. One possible contributing factor could be that for both institutions, shoulder and elbow exposure to junior residents is limited. Thus, seniors have a more significant advantage in shoulder.

This study has several potential limitations. Only 2 institutions were assessed, and although they are relatively large programs, data from other programs, including programs from a variety of geographic locations may be beneficial. Additionally, only 2015 data was assessed. Future investigations should include a larger data set.

Conclusions {#sec1-5}
===========

This study revealed that faster answer speed was strongly associated with correct answers, though answer speed is not reliably associated with resident year. While answer speed varies between domains, it is likely that the majority of this variation is due to question type as opposed to confidence. Nevertheless, it is possible that in domains with more tiered experience, such as in shoulder, answer speed correlates strongly with resident year and percentage correct. Further research with additional test offerings would help confirm these findings.
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###### 

Mean answer speed and percentage correct by orthopedic domain.

                       Answer speed   Percentage correct
  -------------------- -------------- --------------------
  Shoulder and elbow   79.2±67.5      54.4
  Foot and ankle       78.5±50.8      45.1
  Hand                 65.1±49.6      45.1
  Sports               63.7±50.4      63.4
  Joints               62.7±52.3      53.1
  Trauma               62.6±59.0      63.0
  Spine                57.5±67.0      72.2
  Oncology             55.9±44.0      62.3
  Pediatrics           55.7±49.0      71.9
  Basic science        41.0±37.5      57.9
  Correlation          r=-0.50        

###### 

Mean answer speed and percentage correct by resident year for pediatrics and shoulder and elbow domains.

                Pediatrics   Shoulder and elbow                
  ------------- ------------ -------------------- ------------ ------
  PGY-1         63.6±43.2    61.0                 95.8±111.6   39.9
  PGY-2         52.2±42.4    66.0                 78.1±53.4    46.1
  PGY-3         57.7±56.3    74.6                 81.6±61.4    55.7
  PGY-4         51.0±42.3    76.6                 76.3±60.3    61.3
  PGY-5         57.0±55.7    76.9                 71.1±55.2    63.5
  Correlation   r =-0.51     r =-0.84                          

PGY, postgraduate year.
